The 'Niagara Rosada' grape is the main Brazilian table grape belonging to the Labrusca family. It develops medium, cylindrical and compact bunches with berries presenting a pinkish skin and a foxy flavor that is valued in the Brazilian market. These berries are tender and have a pedicel-berry connection provided by the vascular bundles and surrounding skin. This cultivar is very susceptible to berry drop mainly caused by vibration and senescence. The objective of this study was to evaluate the temporal mechanical behavior of the pedicel-berry detachment, using resistance indexes extracted from traction force-deformation curves. Test results showed two different detachment types. In the first one, which exhibited higher average resistance, a considerable portion of the vascular bundle came out attached to the pedicel and in the second type; the vascular bundle was retained inside the berry. The proposed indexes based on maximum detachment force, force at 0.2; 0.5; 1.0 and 1.2 mm, and maximum force to corresponding deformation ratio did not discriminate the senescence of the berry.
INTRODUCTION
The cultivar 'Niagara Rosada' is the main Brazilian table grape, accounting for 80% production of the table grapes in the state of São Paulo (CATI, 2001) . It is a crop of pronounced social importance, which is cultivated largely by small and medium farmers that use family labor. This cultivar is classified as Rustic Table from the Labrusca family, with medium, cylindrical and compact bunches. The berry is of medium size, with ellipsoidal shape and pink skin coated with a thin layer of wax called bloom. The pulp is mucilaginous and has a raspberry flavor called 'foxy', typical of Labrusca. The stalk is part of the bunch, being characterized by woody branches called pedicel, which supports the berries. At the end of each pedicel, there is a small bump called the pad, which extends the vascular bundles, with the purpose of nourishing the berries and the seeds (GOMES, 2006) . The central vascular bundle is called the brush (Figure 1 , RIBEREAU & PEYNAUD, 1980) . The berry consists of a structure formed by one or more syncarpic carpels, with a thin epicarp, a mesocarp and a juicy endocarp, with one or more seeds (CHITARRA & CHITARRA, 1995) .
The berry has little mechanical strength and is naturally more susceptible to detachment from the pedicel (threshing), especially after harvest (GOMES, 2006) . FIGURA 1. Illustration of the grape berry morphology (a) adapted from RIBEREAU & PEYNAUD (1980) , and the longitudinal section (b) of a 'Niagara Rosada' grape berry (Picture: DANIEL GOMES, 2006).
Information about the mechanics of fruit detachment is important to understand the phenomenon and design improvements in procedures during harvesting and postharvest. BARNES (1969) reports on the characteristics of lemon detachment from the pedicel, with and without vibration, considering the maximum force as the detachment force. SANTOS et al. (1994) measured the detachment force from the stalk of peanut pods at various moisture contents, in order to generate parameters to design detachment devices. In the case of table grapes commercialized in bunches, the detachment of the berries is a serious problem (BRASIL, 2002) . In addition, little information is available on the mechanical behavior of the connection between the berry and the pedicel, or its variation over time, especially during the postharvest. Such knowledge could lead to objective indicators of grape quality, anticipating the natural detachment that occurs during the senescence (GOMES, 2006) . For grape varieties used in the processing industry, detachment is an important factor during the production of several products. Thus, the objective of this study was to analyze the mechanical behavior, the detachment of the 'Niagara Rosada' grape berry from the pedicel and its temporal variation, using an index of resistance to detachment, extracted from the forcedeformation curves obtained in traction tests.
MATERIAL AND METHODS

Cleaning, identification and classification
Bunches of Class III grapes cv. 'Niagara Rosada' derived from the municipality of Louveira, state of São Paulo, were harvested in the morning. Toilet was carried out in the field, with removal of leaves or branches located between the grapes, as well as rotten, deformed or damaged grapes. These bunches were identified with a label attached to the stem and classified according to the technical regulation of identity and quality of Rustic Table grapes (BRASIL, 2002) . The class III was chosen for this study by presenting medium-sized bunches of 250 to 350 g, which represents the class of highest production volume.
Packaging and storage
After classification, packaging was performed using 10 wooden boxes with dimensions of 480 mm length, 300 mm wide and 140 mm high, with cover and a nominal capacity of 5 kg. The producers themselves packed the grapes in the typical way, i.e., with boxes covered with a sheet of paper and grapes accommodated in two layers followed with closing the lids with nails. These boxes were carefully transported to the Laboratory of Mechanical Properties of Biological Materials at FEAGRI-UNICAMP and placed on the benches. During the trial period, the fruits were kept in wooden boxes and the temperature and relative humidity of the room were recorded with hygrothermographer (Oakton, model 37250-10), with averages of 29.8 °C (CV 0.058) and 67% (CV 0.025), respectively. The weight was determined using a MARS digital scale model A1000, with 0.01 g accuracy and 1,000 g capacity.
Daily, two boxes of grapes were randomly chosen, from which three bunches were removed. Subsequently, six berries were taken randomly, being two berries from the upper region, two from the equatorial and two from the lower region of the bunch, with a total of 36 berries. Each berry had the pedicel carefully removed with scissors, as far as possible from the insertion in the berry, to ensure a sufficient length to allow its attachment by the gripping mechanism during the detachment test.
It was performed analysis of variance (ANOVA) (VIEIRA, 1999) using the statistical software ORIGIN 6.1.The difference between means was assessed by the Tukey's test (p> 0.05) (SENEDECOR, 1980) .
Detachment test
The detachment test consisted of pulling the peduncle until detaching it from the berry by using a device specially designed to accommodate the berries and allow the alignment of the longitudinal axis of the pedicel with the direction of the traction.
The device (Figure 2 ) consisted of a small rectangular structure, built in acrylic plates with dimensions 10 mm thick and 60 mm wide by 60 mm long and 100 mm high. To accommodate the berry, a beveled center hole was made with 5 mm in diameter at the base and 20 mm wide at the top. The pedicel attachment grip was built in aluminum with the dimensions 20 mm wide, 20 mm long and 70 mm in height with a turn stile bolt for fixation. The structure was coupled to a load cell with nominal capacity of 50 N, which was attached to the yoke from a universal testing machine (LOYD INSTRUMENTS INC, TA 500), equipped with data acquisition software (NEXYGEN 3.0) and operated through a computer. Once the berry was settled and the pedicel was attached, the machine was operated by displacing the rectangular structure with a constant speed of 1 mm.s showing the gripping claw to the pedicel and the conical surface to accommodate the berry.
After the tests were performed, force-deformation curves were generated in spreadsheet and subjected to careful visual inspection in order to identify regions of similar behavior that would make comparisons possible among all 36 daily runs over the five days of the experiment. Thus, deformations of 0.3; 0.5; 1.0 and 1.2 mm were read, and values of force and daily averages were calculated. The variation of strength with small deformations, 0.3 and 0.5 mm, was studied because it provides relevant information about the mechanical behavior of the tissues over time (FERRAZ et al., 2001 ).
The average force (N) at a given deformation is proposed as an index of resistance to detachment and was used for comparisons. Another proposed index was given by the average ratios between the maximum force and its corresponding deformation (N mm -1 ). This index has advantages over the maximum force usually used (GOMES, 2006) , since it shows the difference of events occurring at maximum strength to those occurring at different deformations, making the index more meaningful. To apply this index, the tests considered were those that the brush was completely detached from the berry, while those that the brush broke near the insertion into the pad were discarded.
For temporal comparison of mean values of force at a given deformation, the maximum force and the ratio between maximum force and the corresponding deformation were performed through analysis of variance (ANOVA) and Tukey's tests (p>0.05) (VIEIRA, 1999) using the statistical software ORIGIN 6.1,considering a completely randomized design. The variability of the resistance to deformation indexes was analyzed using the coefficient of variation (SENEDECOR, 1980) .
RESULTS AND DISCUSSION
Analysis of force-deformation curve of pedicel detachment
Two distinct behaviors were observed, being characterized by the detachment of the pedicel with intact or broken brush. Figures 3a and 3b illustrate a typical curve of force variation with the deformation during the detachment and the final appearance of the pedicel for the first case. At the beginning of the traction, there is little resistance expressed by the small slope of the curve (segment 1). As the deformation follows and resistance to the detachment increases, the curve shows a steep incline, although subtle (segment 2). At this stage, it was observed that the region of insertion of the pedicel shows the skin visibly enlarged as well as the first occurrence of this incident with the change in slope of the curve. This expresses the occurrence of the first disruptions or accommodations of the tissue connecting the pedicel to the berry, resembling a biological flow (MOHSENIN, 1970) , which an increased deformation is accompanied by a decrease or maintenance of the force value. After this accommodation, the tissues offer resistance again (segment 3), roughly displaying a linear relationship between force and deformation. A phase of increasing resistance is followed until it reaches the maximum force at the end of segment 4, with simultaneous disruption of a considerable portion of tissue. This disruption is evidenced by a sharp decline of the force. It is assumed that the maximum force obtained is associated with the separation of the vascular bundles of the seeds inside the berry. At this stage of the detachment, the main connections of brush and pad with the other components of the berry are impaired and the detachment of the pedicel with an intact brush can be completed with little force. This type of detachment occurred less frequently, but with increased frequency with storage time. On the first day of analysis, this detachment did not occur at all, in the second day, it occurred in 2% of detached pedicels, in the third and fourth days, it showed a frequency of 7%, and on the fifth day, 25%, demonstrating that the senescence of both berry and brush are associated with this of type of detachment. CHEN et al. (2000) attributes this phenomenon to the formation of an abscission zone located at the berry-pedicel junction or the weakest portion of the pedicel. The observations during our experiment corroborate the reports by these authors, because a water loss during storage reduces the turgidity of the berry, causing the brush in the berry-pedicel junction to be partially exposed and subject to changes. From the third day of storage, with approximately 5% mass loss, the abscission zone was expanded. Figure 5 illustrates the mass loss during storage.
FIGURA 5. Mass loss during storage at a mean temperature and humidity of 29.8 °C and 67%, respectively.
The inspection of the curves obtained demonstrated to be possible to compare temporal detachment rates for the segments 1 and 2, for both types of detachment. However, the rates associated with maximum force had different meaning for each detachment type and should not be compared.
FIGURA 6. Temporal variation in grapes of mean deformation strengths of 0.3 mm and 0.5 mm.
For greater deformation values, 1.0 and 1.2 mm, which are located at the end of segment 1 of the curve and before the biological flow portion of the segment 2, the differences appeared in the third day (Figure 6 ). The mean force values for 1.0 mm deformation were significantly different between the first and third, and the third and fifth days of storage, while for the 1.20 mm deformation, the significant differences occurred between the third and fourth days of storage (Tukey, p> 0.05). 
Strength (N)
Mean maximum force and ratio between maximum force and corresponding deformation
The temporal variation of the mean maximum force and the ratio between maximum force and the corresponding deformation is illustrated in Figure 8 . Both of these values showed significant differences from the third to the fourth day (Tukey, p> 0.05).
FIGURA 8. Temporal variation in the grapes of the mean maximum force and the ratio between maximum force and corresponding deformation.
Variability of indices of resistance to detachment
The coefficient of variation for resistance to berry-pedicel detachment rates of 'Niagara' grapes (Table 2 ) ranged between 19.4 and 55.3% with most of them with values greater than 30.0% considered relatively high (Pimentel Gomes). Throughout the evaluation period, these values showed no trend of increase or reduction, with high values in the first and last days. It is observed that the index values expressed by the maximum force had the lowest mean for coefficient of variation, 24.4%, representing only the variation in force, regardless of the associated deformation value. When the associated deformation (column d) is incorporated to obtain the F max /d index, the mean coefficient of variation increases, reaching a mean value of 33.5%. The maximum force index might be considered the best index to describe the temporal resistance, because it displays the lowest coefficients of variation, with a mean of 24.4%, showing differences in the fourth day. In this case, this conclusion is incorrect, because the index does not include the influence of deformation (d). By incorporating these values to generate the F max /d index, it is observed that despite the increase in mean CV to 33.3%, they discriminate the variations in the fourth day and showed the lowest coefficient of variation. For F (0.5mm) ,despite showing a mean CV of 28.4%, it does not discriminate against any temporal variation, thus being no longer useful. TABELA 2. Coefficient of variation (%) (d) in grapes for indexes of resistance to detachment and deformation at maximum force. 
CONCLUSIONS
The disruption of the brush in the insertion of the berry's pedicel increases over time and is relevant during the storage and marketing of fresh fruits, as it causes the berries to thresh from the bunches, with the initial inspection with force-deformation curves being important to establish the limits of investigation of the mechanical behavior in this fruit.
The indexes of pedicel detachment resistance of 'Niagara Rosada' berry grapes do not allow temporal discrimination of senescence in the berry-pedicel junction and consequently of the bunch.
